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Abstract] Experimental measurements of the L BAND HELIX CIRCLIT

dispersion characteristics of a C-band helixstructure o e -
were carried out and compared to the dispersion \ﬂ F 22C SEG
characteristics found from a helix model using the !

three-dimensional electromagnetic computer code
MAFIA. A conceptually novel design comprising a
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helical thread of the same pitch and inner diameter in / / m\
a cylindrical waveguide also were calculated using the | {/ M\ HELIX {Rave
MAFIA code. The helical-groove structure exhibits a k ’ ) ) L
smaller bandwidth but at a much higher frequency \/\\ 4\\, AL PR
range than the traditional helical structure for similar —“T” ./ HELX TAPE wiOTH
physical dimensions. It is physically more robust in P RGO DIELECTRIC
construction. The interaction impedance also — <
compares favorably with those of the conventional \
structure. ACKUALL
Index TermdJ MAFIA, helix, interaction impedance, Fig. 1. Northrop C-Band Helix Structure. (Courtesy of Northrop)

helical-groove.
Il. EXPERIMENTAL TESTING
I. INTRODUCTION
A. Test Procedure

For applications in high frequency communications and
radar, small-size microwavpower modules(MPM) are Standard perturbation techniques on an HP 8510C
being developed which provide power at varidasels, network analyzer were used in the measurement of the
bandwidths, and frequencies. They incorporati@iature Northrop C-banchelix circuit to determine the dispersion
traveling-wave tubes (TWT) consisting ohelical characteristics and interaction impedances. Thesee
structures with inherent mechanical limitations. Advancedompared with the values th&torthrop hadobtained by
electromagnetic computer codes make it possible #milar measurements [6].
accurately model and explore the suitability of othewel A frequency range from 3.0 to 7.0 GHz welsosen and
structures for these and other applications. measurements were taken @t5 GHz increments. To

The helix TWT has served wefbr low-power, wide- obtain the dispersiorcharacteristics, a thindielectric
bandwidth amplification of microwave enerdg]. The aluminarod with ametallic cap on the endas inserted
coupled-cavity TWT is preferredor medium- to high- from one side of the helix along the axis of tsucture
frequency applications, but it suffers from the Dby means of a micrometer feed. As tha is translated
disadvantage of limited bandwid{]. The tunnelladder along the helix axis, a change in phase of th#lected
structure has exhibited a bandwidth comparable to thgave parameter (S11 or S22 depending on which side the
helix with the disadvantage of complicated machining anghd wasinserted) occurs. Sinceach 360 degreephase
fabrication [3]. shift corresponds to one-half the electrical wavelength, the

A class of structures which could be easfbbricated wavelength for a specified frequency is twice Hheerage
for an MPM, having good power and bandwidthdistance therod has movedor a 360degree phasehift.
capabilities, is the helically-wrapped circularaveguide The relative phase velocity is given as the ratio of the
[4]. One such novel design consists of cglindrical electrical wavelength to the free space wavelength.
waveguide with ahelical groove of rectangular cross The interaction impedanctr a specified frequency is
section on the inside. To make a comparistims determined by measuring the phase shift that occurs when
structure was given the same pitch, thickness, and inn&rhin, dielectric aluminaod of approximately the length
diameter as théorthrop C-banchelix structure in Fig. 1 of the structure is inserted along the helix axis. A
and modeled using MAFIA [5]. Northrop FORTRAN program wathen used tocompute
the helix interaction impedancdrom measuredphase
shifts resulting from perturbation by the dielectric rod.

T. M. Wallett, 216-433-3673, fax 216-433-8705,
wallett@lerc.nasa.gov, http://www.lerc.nasa.gov

NASA/TM—1998-207414 1



Sal 1(39 MAG
— 8- —Northrop --- @ -- NASA REF —2.0 dB 2.5 dB-
12
10-‘\\
]
CN \\l\
8- "~‘\~l s
N
e
6 \;.3
- . .
“;\1 Fig. 4. S21 Parameters of the Northrop Helix Structure (3-7 GHz).
Bant N
41 e C. Wavelength and Frequency Shift Measurements
2 Wavelength measurements were repeatét the
frequency points corresponding to the local maxima and
local minima of the logarithmic magnitude of the S21
0 T T T T T T T ! transmission parameter in the range from 3.0 to 7.0 GHz in
30 35 40 45 50 55 60 65 70 Fig. 4. A least squares cubic fit of the frequency as a
Frequency (GHz) functi_on of Wavenumber_was performed to Qeduc_e the
resulting group velocities from the  dispersion
Fig. 2. Experimental Helix Wavelengths. characteristics.

The frequency shifts of the local maxima amdnima
due to the perturbing effects of ti®031 inch alumina
dielectric rod were then measured. Thateraction
impedances werecalculated using a basic formula
depending on the growelocities, frequency shifts, and
dielectric rod parameters.

B. Wavelength and Phase Shift Measurements

The wavelengths and interaction impedancesre
calculated byNorthrop from distance and phase shift
measurements with an alumina dielectrg; £ 9.3) rod of
the helix length and diametef.0365 inch. These
measurements were duplicated on an HP85h@@vork lIl. COMPUTER MODELING
analyzer at NASA Lewis Research Centewith an '
alumina dielectric § = 9.3) rod of thesame length and A MAFIA Helix Model
diameter 0.031 inch. Comparisons are made between the
Northrop and NASAwavelength measurements in Fig. 2 gne period of the actualorthrop C-bandhelix circuit

and the interaction impedancesalculated using the | < modeled using the computer code, MAFIA shewn
Northrop program in Fig. 3. in Fig. 5. The coordinate system chosen was rfzeor
cylindrical coordinate system. The three dielectric support
|__.__Northrop - -@ - NASA rods were moreeasily modeled as small degree wedges

with a slightly smaller effective width near the helix. This
will result in a dielectricsupport rodcross-sectionalarea
that is very nearly the same as that of the actual rod.
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- - - - Fig. 5. MAFIA Helix Structure
Fig. 3. Experimental Helix Interaction Impedances.
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- - - The MAFIA computer simulation wasepeated under
—¢—MAFIAHelix  m  Experimental Helix the same conditions except, this timeith a simulated
dielectric € = 9.3) rod along the length of thkelical
16 1 axis. The perturbed frequencies weculated and the
interaction impedances werlound from the frequency
144 shifts using the same basic formula so that a comparison
1. could be made with the experimental results. The
interaction impedancefom the MAFIA simulation were
10 - in good agreement with thosdrom the experimental
measurements in Fig. 7 except at low wavenumbers where
8 - the measurements were inaccurate.
6 .
B. MAFIA Helical-Groove Model
4 The helical-groove structure was considered because it
2 would possess, in part, the high-powgapability of a
coupled cavity structure along with the high-bandwidth
0 r — — — . capability of the helix. One period of the structure was
0.0 0.1 0.2 0.3 04 05 06 0.7 0.8 09 1.0 modeled using MAFIA and shown in Fig. 8. Tkame
Normalized Wavenumber dimen_sions as thosg in the helix structure were uised;
helix inner radius, pitch, and tapeidth. The groove and
helix structures differ in that the threadontacts the

Fig. 6. Experimental and MAFIA Helix Dispersion Characteristics. cylinder wall whereas the helix was supported thyee
o . . o dielectric rods. Once again, the coordinate systdimsen
Periodic boundary conditions in the axial direction wergyas therfz or cylindrical coordinate system.
applied to simulate an extended helix. The phase shifts  periodic boundary conditions were applied in tveial
per period were specified as multiples of 18 degrees andgjrection to simulate an extended groove. The phase shifts
the corresponding frequencies were then calculated to finger period were specified as multiples of 18 degrees as in
the dispersion characteristics. A least squares cubic fit t¢he case of the helix model and the corresponding

these data was also done. The simulated and frequencies were thenalculated tofind the dispersion
experimental dispersion characteristics of the helix were characteristics. A least squares cubic fit to these data was
then compared in Fig. 6 and found to agree. made. The simulated dispersion characteristics of the
groove structure were compared with th&Emulated
——MAFIA Helix m  Experimental Helix dispersion characteristics of the helix structure in Fig. 9.
250 1 MAFTA
. #VOLUME
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0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0 Fig. 8. MAFIA Helical-Groove Structure.

Normalized Wavenumber

Fig. 7. Experimental and MAFIA Helix Interaction Impedances.
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Fig. 9. MAFIA Helix and Helical-Groove Dispersion Characteristics.

The MAFIA helical-groove simulation wasepeated
under the same conditionexcept, this time,with a
simulated dielectric g = 9.3) rod along the length of the
helical axis. The perturbed frequencies wearalculated
and the interaction impedances wefeund from the

frequency shifts by means of the same basic formula andzp

comparison was made with the simulatetielix

impedances. The interaction impedances from the MAFIA

helical-groove simulation compared favorably withose

from the helix simulation results as can be seen in Fig. 1¢;
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Fig. 10. MAFIA Helix and Helical-Groove Interaction Impedances.
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IV. DISCUSSION

The helical-groove structure can be fabricated more
easily than a helix structure since it has support rods,
although dielectric loading could be used to shape the
dispersion characteristics. It has a much moobust
construction than the helix structure of similar dimensions
and would survive eventsatastrophicfor a helix device.
Furthermore, the radial dimensions of the helical-groove
can be made larger than those of the hdlx high
frequency operation.

The magnetic focusing required for such a dewoeld
be relaxedfor operation within a certain frequenagange
in comparison to thafor a helix device in which the
electron beam cross-sectional area would have to be
smaller for operation in the same frequency range.

The helical-groove structure would exhibit a higher
bandwidth compared to coupled-cavity structures and a
higher power capability compared to helix-type structures.
Also for similar dimensions, thateraction impedance of
the helical-groove is higher than the helizspecially at
low wavenumbers, but since this structure has properties
related to the coupled-cavity, the operation of an electron-
beam device of this type would require much higheam
voltages.
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